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METHOD AND DEVICE FOR IDENTIFYING
TRAFFIC-RELEVANT INFORMATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National phase application of
PCT International Application No. PCT/EP2008/056031,
filed May 16, 2008, which claims priority to German Patent
Application No. 10 2007 024 6935.3, filed May 23, 2007, the

contents of such applications being incorporated by reference
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention refers to a method and to a device for 1den-
tifying traflic-relevant information in a moving vehicle. Trai-
fic-relevant information can 1n particular be traffic signs
which, for example, indicate the maximum permissible
speed. In addition to traffic signs as such, the mmvention 1n
principle refers to all mnformation which can be perceived
visually and which instructs drivers to behave 1n a certain
way. It 1s envisaged that the image data of a visual sensor,
particularly an optical camera oriented in the direction of
driving, and the map data of a navigation system are each
pre-evaluated for said identification and the results of said
pre-evaluation are combined and interpreted.

2. Description of the Related Art

Many developments 1n modern motor vehicles serve to
make the driver aware of traffic-relevant information during
driving to make driving safer on the whole. This includes 1n
particular the indication of the currently valid maximum
speed, which can be used merely as additional information for
the driver, but also to generate danger warnings or to directly
influence the vehicle’s speed either by braking or accelerat-
ng.

Navigation systems have been known for quite a time,
which 1n addition to the course and type of roads also include
a valid speed limait. The quality of this speed limit included 1n
the road maps as a fixed value largely depends, however, on
how complete and up to date the digitalized maps are. Expe-
rience shows that 1t takes quite a time until new speed infor-
mation 1s included 1n the digital map data if speed limits are
changed. An even bigger problem 1s that digital road maps are
often stored 1n navigation systems and users tend to update
them relatively seldom as this imnvolves considerable costs.

From a system point of view, 1t 1s even more difficult to
detect temporary information, for example that provided by
overhead sign bridges on motorways showing information
and speed limits which are adapted to the prevailing traflic
conditions or at road work sites. This varying information 1s
particularly safety-relevant as the speed limits or other rules
conveyed to the driver of a motor vehicle 1in this way are
adapted to the prevailing traific conditions or a current dan-
gerous situation. This information cannot be detected, how-
ever, by the navigation systems described above.

In this respect, DE 199 38 261 Al proposes to take into
account temporary local conditions or individual impressions
of the driver for a specific route by enabling temporary local
conditions which can be entered automatically or manually,
such as, for example, temporary speed limits, traific jam
warnings, or the like, to be placed as variable electronic route
markers which are displayed and/or influence automatic
operation of the motor vehicle when the route 1s driven again.
There 1s the special problem, however, that this information 1s
normally not available until the route 1s driven a second time
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and cannot be retrieved when the driver uses a route he/she
does not know for the first time.

DE 199 38 267 Al proposes a system for electromcally
identifying traific signs, which are detected using a video
camera, iterpreted, and displayed within the vehicle. It 1s
intended that the traffic signs which have been identified in
this way are stored 1n a navigable electronic route map at their
respective locations to improve the quality of the digital map

and to enable traflic signs and navigated route data to be better
correlated. In addition, DE 199 38 266 Al proposes that a

logical analysm 1s carried out 1f a traflic sign or one out of
several traffic signs 1s not identified without doubt, in such a
manner that other parameters of the prevailing tratfic condi-
tions and/or other traific signs are also taken 1nto account for
the iterpretation and the lowest possible speed limit 1s deter-
mined. This data 1s stored according to the respective loca-

tion, the driver being allowed to make corrections.
DE 103 54 910 A1 discloses an autonomous vehicle which

1s provided with a self-steering navigation system and takes
into account tratfic signs placed at the side of the road. For this
purpose, a camera records the tratfic signs placed at the side of
the motorway. An 1image processor analyses these images and
determines the sign contents contained 1n the traffic signs. At
the same time, map information concerning the motorway 1s
stored 1n a navigation data base. An electronic steering unit
with artificial intelligence now determines a current position
of the self-moving motor vehicle and a road condition using
the map information stored 1n the navigation data base and the
sign contents read by the image processor. On the basis of the
result determined in this way, a processor then controls a
steering operation, a speed reduction/increase operation, and
an operation related to the seli-steering navigation function.
This system 1s so far restricted to motorways, however, as the
signs used there are limited and can be mterpreted and 1den-
tified much easier than on many other roads or streets, par-
ticularly within towns and cities where signing 1s often con-
fusing.

EP 1 114 371 B1 describes a method and a device for
identifving tratfic signs and for navigation. It traffic signs are
1identified, traific sign 1dentification data 1s created and navi-
gation data for locating the vehicle 1s provided and the traffic
sign 1dentification data and the navigation data 1s compared
with each other and updated, if required. For this purpose, the
data 1s supplied to a shared evaluation umit which determines
a currently valid speed limit and generates control signals, 1f
appropriate.

All systems described above have the drawback, however,
that the data acquired during 1mage data recognition 1s very
extensive and the data processing described often cannot be
done 1n real time, at least 1f all image data 1s evaluated.

For this reason, EP 1 145 186 B1 proposes a system having,
at least one map-based navigation system and a system for
displaying the contents of traffic signs which have been
recorded by a camera, wherein the system for traific sign
identification begins to work with increased power 11 map-
based information indicates that the vehicle passes an area
which 1s problematic 1n respect of tratfic sign 1dentification.
For this purpose, a multiprocessor system for utilizing free
data capacity throughout the motor vehicle 1s used. There 1s
the problem, however, that the increased computing capacity
1s only available 11 the underlying map-based system already
contains information that a situation might arise which could
be difficult to evaluate 1n terms of 1image recognition.

SUMMARY OF THE INVENTION

An object of the present invention 1s to propose a solution
for identitying traific-relevant information which 1s based on
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image data of a visual sensor and map data of a navigation
system, wherein the image data identified and the map data
identified 1s analysed jointly, which 1s easy to adapt, and
provides reliable information quickly. It 1s intended, for
example, that the proposed system outputs information on the
currently permissible maximum speed.

In the method for 1dentifying traflic-relevant information
ol the type described 1n the opening paragraph, 1t 1s envisaged
in particular that the image data 1s scanned for tratfic-relevant
information contained therein and compacted to the relevant
image data 1n a {irst scene interpretation. The raw 1image data
1s processed 1n the pre-processing step 7 using image process-
ing methods, such as edge detection, circle detection, track-
ing, classification with the aid of a trained classifier. The
result 1s traffic signs which have been detected and assigned to
a class. These 1image data 1s then compacted to relevant infor-
mation in the scene interpretation 10 which forms a sub-block
of the fusion module 2; an interpretation of the respective
“scene’ 1s carried out. The traffic-relevant information can be
specific traffic signs, specifically speed-limiting traffic signs,
road markings, obstacles, or the like which influence the
driving behaviour and in particular the permissible or
adequate maximum speed. Further, the map information 1s
scanned for traffic-relevant information contained therein and
compacted to relevant map information in a second scene
interpretation. The traffic-relevant information of the map
data can, for example, be information included in the map
material on speed limits, no overtaking zones, or other up-to-
date information of a telematics system, such as accidents,
obstacles, road work sites, and the like. Information on topo-
logical conditions, such as, for example, area of a junction,
roundabout, are also taken into account, as 1s information on
the road section currently driven, such as road class, number
of lanes, course of the road, within or out of build-up areas,
driving on the right or left, country. If appropriate, the first and
second scene mterpretations can also exchange certain infor-
mation to clarify mnitial doubts arising during the i1dentifica-
tion of traffic-relevant information 1n the 1image data or map
data using the other available data in each case and to enable
elfective image compaction. The compacted image informa-
tion can preferably be output as vectors 1n a defined data
format.

The 1image data and map data which have been found to be
relevant and compacted are then supplied to a rule engine and
to a state machine for interpreting the image data and map
data, wherein said rule engine evaluates the image data and
the map data and transmits an action to be executed to the state
machine. As a response to the action to be executed which 1s
specified by the rule engine, the state machine carries out a
transition between pre-defined states and outputs information
assigned to said transition or to the (new) state achueved by
means of the transition.

According to aspects of the invention, states are defined 1n
the state machine which characterize properties of the mov-
ing motor vehicle and, it appropriate, of its surroundings.
Such information contains, for example, the vehicle’s speed,
the response of safety-relevant sensors, such as the yaw rate
sensor, acceleration or deceleration data, information on the
type and condition of the road, status information concerning,
the visual sensor and/or the map material, 1n particular the age
thereol, and/or the like. According to aspects of the mnvention,
data from the sensor cluster of an ESC system 1s accessed.
The combinations of vehicle and surroundings properties
which are to be taken 1into account by the mnventive system are
pre-defined as states of the state space and characterize the
current state of the moving vehicle within 1ts surroundings—
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in particular detached from a rule-bound interpretation of the
state based on the i1dentification of traffic-relevant informa-
tion.

The state of the moving vehicle can change with time. Such
a change takes place, for example, when the vehicle leaves an
areca without speed limit and enters a speed-limited area
which can be defined by means of a traffic sign, but also by a
certain physical state of the road (dual lane road with fixed
central crash barrier) or other conditions. As soon as the
image data of the visual sensor and/or the map data of a
navigation system detect the existence of such traffic-relevant
information, the compacted information i1s evaluated in the
rule engine and the result of this evaluation 1s transmitted to
the state machine as an action to be executed. The state
machine regards the action to be executed which has been
specified by the rule engine as a transition 1n 1ts state space
during which a change 1s made from the 1nitial state to a new
or 1dentical final state, as the case may be. Said transition or
the newly achieved state can entail the output of certain infor-
mation which 1s assigned to said state and depends on the type
of transition, for example a warning to the driver that he/she
has left a road section without speed limit and entered a
speed-limited section at a speed of 80 kmy/h.

Depending on the implementation of the inventive system,
this information which 1s output by the state machine can also
be used to directly influence the motor vehicle, for example
by exerting a braking effect, in addition to informing the
driver, wherein the invention contemplates to specily a speed
for a limiter, to specity a speed for Adaptive Cruise Control 1f
the vehicle exceeds the speed indicated by the current traflic-
relevant information speciiying the maximum speed.

The mventive system has a modular structure which
enables the functions of the mmventive method and of the
associated device to be changed and adapted easily. For
example, new traffic signs or other information can be
included 1nto the scene interpretation and will be processed
into compacted 1image or map data that can be used by the
system without further adaptations 1n the rule engine or the
state machine being required.

Further, the division of the computing unit 1n a rule engine,
which enables contradictory situations in the mput data to be
clanfied according to set rules, and a state machine, which
defines the state of the motor vehicle and 1ts surroundings
which 1s essentially free from rule interpretation, enables sets
of rules to be changed and adapted easily. It 1s possible, for
example, to specily sets of rules for different countries and to
load them into the system as modules at a later stage by
updating the rule engine when a border 1s passed. As an
alternative, just one rule engine can be used and certain rules
be activated/deactivated 1n each country, and 1t 1s contem-
plated to exchange the rule engine completely 1n each coun-
try. Another option 1s a country-specific exchange of those
rules in the rule engine which depend on country-specific
requirements set out 1n the existing regulations governing
road traific. In this context, 1t 1s normally not necessary to
make changes 1n the state machine as this defines the state of
the vehicle which 1n principle 1s independent of rule interpre-
tation.

The individual units or modules of the system can be as
complex as desired without changing the simple modular
structure of the entire system. This enables rapid real-time
processing even 1f complex data 1s identified. In this way, little
elfort 1s required to adapt the system to potential other input
sources which might be concerved 1n the future (for example
vehicle data of third parties from telematics applications),
which adaptation 1s also covered by the invention.
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According to aspects of the mvention, 1t 1s particularly
advantageous that the contents of the relevant image and map
data are interpreted 1n the rule engine according to specific
sets of rules and the action specified by the rule engine param-
cterizes a behaviour which 1s prescribed by the identified rule.
In this way, the part of the identification of traific-relevant
information requiring an evaluation of the contents of the
image and/or map data detected 1s 1integrated 1n a logically
independent block which can be adapted easily when a
change 1s specified from outside, for example due to a change
in performance of the mput signal sources, a change of the
nghway Code, or travel to another country with different
traific rules. For this purpose, it 1s advantageous to select a
transparent, easy-to-adapt rule engine which enables easy
adaptation to different country variants, among other things.

A representation of the rule engine which can be used with
particular advantage according to aspects of the invention can
be achieved by means of a matrix which can be evaluated
using an algorithm. This 1s particularly suitable if the relevant
image and map data and possibly further data, such as state
information concerning the visual sensor or vehicle informa-
tion, such as speed, ambient temperature, road condition (wa-
ter, snow, 1ce), ESC data, or the like, 1s provided as vector
information and transmitted to the rule engine and to the state
machine in this form. A suitable matrix operation can then be
used to derive a corresponding action from the identified
image and/or map data in a mathematically simple way.
Although the rule engine 1s stored 1n the form of two arrays,
no “classical” matrix operations are used to evaluate the rules.

According to a particularly preferred embodiment, the
state machine includes defined states which can be (or are
allowed to be) assumed by the vehicle and/or 1ts surroundings
and the actions to be executed which are specified by the rule
engine induce a transition from a defined state to another or
back to the same defined state. The inventive definition of a
state space comprising pre-selected, specified states creates a
simple, modular system 1n which 1dentified traflic-relevant
information can be used to make a statement about the effects
of a rule without major computing etl

ort, both to define a new
state of the vehicle and/or its surroundings and to output
information on a display or to a rule engine of the vehicle.
For this purpose, 1t 1s particularly advantageous that each
transition within the state machine 1s accompanied by an

output of information, for example to a display instrument of

the vehicle. In this way, a data output required by a transition
to be executed 1s realized especially quickly.

Preferably, the state machine can also feed back its current
state to the rule engine 1n order that the rule engine can also
take into account the state of the vehicle and/or of the sur-
roundings when interpreting the relevant image or map data.
To achieve this, the relevant, compacted image data and the
relevant, compacted map data can be supplied to the rule
engine and to the state machine simultaneously so that the

state machine feeds back the current state while evaluation of
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different state machines can also serve to implement parallel
processing ol several transitions required by an action to be
executed which 1s specified by the rule engine.

According to a particularly preferred embodiment of the
inventive method, the first and the second scene interpreta-
tions transmit a trigger 31g11a1 to a trigger control durmg
compaction to relevant image or map data, 1.e. 1f traffic-
relevant data exists and 1s i1dentified, which trigger control
then generates a total trigger signal for the arithmetic unit and
the state machine. The total trigger signal causes the rule
engine and the state machine to process the compacted or
relevant image and map data available at their internal inputs.
Upon reception of the total trigger signal, the rule engine
determines the action to be executed and the state machine
uses the available information to determine 1ts state to be able
to carry out a transition from 1its initial state to a new state once
it recerves the action to be executed. According to aspects of
the invention, the rule engine can transmait an additional trig-
ger signal to the state machine once 1t has finished its rule
interpretation and at the same time as an action 1s output 1n
order that the state machine carries out the transition without
delay.

According to a simple embodiment, the trigger control can
form an OR relation of the two trigger signals of the first and
second scene interpretations to generate the total trigger sig-
nal.

A preterred variant of the trigger control envisages, how-
ever, that a counter, for example a distance counter which
integrates the current vehicle speed, 1s activated if a first
trigger signal from the first or the second scene interpretation
1s available and the total trigger signal 1s generated when a
maximum counter value 1s reached, 1.e. a maximum distance
has been covered 1n the example, or the second trigger signal
from the second or the first scene interpretation 1s available. In
this way, asynchronities between diflerent data can be com-
pensated and the optimum point of time for data evaluation by
the rule engme and the state machine be defined. Preferably,
the rule engine and the state machine can receive the total
trigger signal at the same time 1n order that the rule evaluation
and the state 1dentified in the state machine are based on the
same data and the transition 1nitiated by the action specified
by the rule engine starts from the correct state of the state
machine. Advantageously, another embodiment contem-
plates to generate the total trigger signal G'T such that the total
trigger signal GT 1s generated immediately 1f the trigger
signal from pre-processing the image 1dentification data 1s
available while signal generation 1s delayed i1f only the trigger
signal from pre-processing the map information 1s available.

Advantageously, relevant image and/or map data 1is
selected 1n the first and/or second scene interpretation(s)
using pre-specified criteria. For this purpose, relevant image
and/or map data acquired at different times can be related to
cach other in time. The traffic signs or other information
detected by the sensor at different times are/1s thus placed 1n
an overall context and 1n this way, for example, the point of
time 1s determined at which the moving vehicle actually
passes a traffic sign. Furthermore, knowledge concerning the
camera and/or sensor position and the location of the traffic
sign on the sensor area, for example the pixels of a CCD
camera, enables a location-based selection of relevant
images, wherein a correlation between the signals in time and
place allows an even more exact interpretation of the scene.
The correlation of data in place and time 1s suitable, for
example, in the case of overhead sign bridges where 1t 1s
difficult to determine which information 1s relevant to the
vehicle’s lane without a location-based detection. In the con-
text of map data, 1t 1s also possible to generate a forecast of
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information which will probably be relevant soon using the
current speed vector of the motor vehicle. In this context, the
first and second scene interpretations suitably exchange
image or map data, 1n particular those which have already
been compacted, 1n order that information 1dentified in one
scene interpretation can also be used in the other scene inter-
pretation.

According to aspects of the invention, the image data of the
visual sensor can be reduced to a pre-selection of 1mage data
to be analysed and status information (camera status data) in
a pre-processing step which 1s prior to scene interpretation to
ensure 1n particular that the first and second scene interpreta-
tions are carried out at approximately the same speed. Said
status information can, for example, include data concerning
the quality of the camera (darkness, dirty windscreen or the
like). In addition, this status information can be used by the
rule engine to decide which data 1s more likely to be correct 1f
the information contained 1n the 1image data deviates from that
of the map data.

As mentioned above, the first and second scene interpreta-
tions can exchange iformation according to aspects of the
invention to achieve an optimum compaction of the image
and map data in each scene interpretation. In particular, trat-
fic-relevant information i1dentified 1n one of the scene inter-
pretations should be transmitted without delay to the other
scene interpretation.

In addition, 1t 1s particularly advantageous that raw vehicle
data, for example vehicle sensor data, such as ESC, speed, or
the like, and/or camera status data, for example brightness,
image quality, or the like, 1s available throughout the process
of 1dentifying tratfic-relevant information, in particular in the
scene 1nterpretations, the rule engine and/or the state

machine.

In addition to the method described above, the invention
also refers to a device for identitying traific-relevant informa-
tion 1n a moving vehicle having a connection to the system of
a visual sensor for obtaining image data, a connection to a
navigation system for obtaining map data, and a connection to
a display mnstrument for displaying or processing the results
of said identification. The device proposed according to
aspects of the mvention 1s designed 1n particular to carry out
the method steps described above.

For this purpose, the device includes means for scene inter-
pretation to compact the image data received from the visual
sensor and the map data of the navigation system and to
transmit the compacted 1image and map data to a computing,
unit including a rule engine and a state machine. Said means
for scene interpretation can 1n particular be devices including
an 1mage processing and 1identification software in the case of
image data processing. The means for scene interpretation
applied to the map data of the navigation system can 1n
particular be filter means which filter the map data for the
desired traffic-relevant information.

The rule engine according to aspects of the mvention 1s
designed to evaluate the compacted 1mage and map data
received from the scene interpretations and to transmit
actions to be executed to the state machine. The state machine
according to aspects of the invention 1s designed to respond to
the action to be executed by carrying out a transition within its
state space comprising predefined states and to output infor-
mation assigned to the new state or to said transition to the
display mstrument via the connection. The display instrument
can be a visual display unit, an acoustic output device, or a
control device which directly influences vehicle functions
and, for example, mitiates a braking action 1 the vehicle’s
speed exceeds a specified maximum speed. The mmvention
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also contemplates a linkage to other driver assistance sys-
tems, such as, for example, Cruise Control, Adaptive Cruise
Control, or Limiter.

According to a particularly preferred embodiment, a trig-
ger control (trigger) for generating a total trigger signal 1s
connected downstream of the means for the first and second
scene interpretations, which total trigger signal serves in par-
ticular as a start signal to the rule engine, and the state
machine 1s active at all times 1n order to monitor the validity
of traflic signs. If a s1igns seems not to be valid any more, the
state machine can trigger the rule engine again. The state
machine can, however, also be activated by means of a sepa-
rate trigger signal of the rule engine, depending on the spe-
cific embodiment of the imnventive concept.

According to an advantageous embodiment of the mven-
tive device, the means for the first and second scene 1nterpre-
tations, the trigger, and the computing unit including the rule
engine and the state machine can be combined to form a
fusion module, wherein the connections between the indi-
vidual units are realized via particularly fast internal inter-
faces which are less susceptible to failure than external inter-
faces. Preferably, the whole fusion module can be designed as
a single device unit which includes a computing unit with
memory, arithmetic umt and external connections and in
which the method described above i1s implemented. Of
course, 1t 1s also possible to divide the fusion module onto
several, separate devices or to operate the fusion module
directly on the control device of the camera.

The fusion module can also contain the means for pre-
processing the image data, enabling the camera or the visual
sensor and possibly other sensors to be directly connected to
the fusion module. This can also be done by accessing corre-
sponding information via a data bus. The entire data process-
ing can then take place m the fusion module according to
aspects of the invention, whose output interface 1s preferably
connected to the data bus again and provides the traiffic-
relevant information 1n a standardized data format which can
be evaluated by several other devices within the vehicle.

According to aspects of the invention, the modular struc-
ture of the proposed system (method and device) for identi-
tying traffic-relevant information 1s of particular advantage
when 1implementing such systems in a motor vehicle as the
division of the interpretation of the combined 1mage and map
data 1n a rule engine and a state machine 1s simple and can be
handled flexibly. The rules for interpretation can be integrated
in a transparent rule engine which 1s easy to handle and can be
adapted to possible changes easily. The rule engine contains
the decision logic which 1s applied to the state machine with
relatively low complexity to generate the corresponding out-
puts. Changes of the rule engine are easy to manage from a
program technology point of view and can also be updated
during usual 1nspections, if required. In addition, the use of
state machines enables a system to be created which 1s very
robust 1n terms of program technology, offers high process
safety even 1n safety-relevant applications, and can surpris-
ingly also be used to describe the states of a moving motor
vehicle 1n the field of identifying traffic-relevant information,
in particular traific signs and speed limits, despite 1ts static
structure.

Further features, advantages and possible applications of

the present invention will be set out 1n the following descrip-
tion of an exemplary embodiment and can be seen in the
drawing. In these, all features described and/or represented
visually form the subject-matter of the present imvention,
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either alone or in any combination, independent of their com-
bination 1n the claims or the dependencies of the latter.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram showing the integration of an inventive
device for 1dentifying traific-relevant information 1n a motor
vehicle, and

FI1G. 2 shows 1n detail the structure of the device according,
to aspects of the mvention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The inventive device 1 for identifying traffic-relevant infor-
mation, in particular tratfic signs, which 1s illustrated dia-
grammatically in FIG. 1 includes a so called fusion module 2
having connections to a visual sensor 3 designed as a camera,
anavigation system 4 and a vehicle information system 5. The
connections serve to transmit 1mage data B from the camera
3, map data K from the navigation system, and vehicle data F
from the vehicle mformation system 5, which can, for
example, be integrated in a vehicle CAN bus, to the fusion
module 2 which uses this data to determine the desired traflic-
relevant information I.

The traffic-relevant information I determined by the fusion
module 2, for example the currently valid maximum speed, 1s
output by the fusion module 2 to a display instrument 6. The
display mstrument 6 can be a visual display which serves to
convey 1nformation to the driver. Furthermore, the display
instrument can be a control interface to a vehicle control unit
which, for example, automatically influences the vehicle’s
speed 11 a vehicle speed 1s detected which exceeds the current
maximum speed. Generally speaking, the display instrument
can be any device which continues to process the traffic-
relevant imnformation I which has been determined by the
fusion module 2 according to the invention.

Before the image data of the camera 3 1s supplied to the
fusion module 2 as such, 1t 1s subjected to a pre-processing
step 7 in which the raw 1mage data B' received directly from
the camera 3 1s analysed using an 1mage recognition algo-
rithm to pre-select possibly traffic-relevant information I, for
example using methods of classical image processing includ-
ing edge/circle detection and subsequent classification and
deleting 1rrelevant 1mage areas. The processed 1mages are
then supplied to the fusion module 2 as actual image data B.
The raw 1mage data B' 1s also scanned for status information

of the camera 3 1n a parallel pre-processing step 7, which data
1s supplied to the fusion module 2 as additional camera status
data S.

The image data B and the camera status data S 1s the
intermediate result of a first evaluation step to which the raw
camera data B' of the camera 3 has been subjected. This
pre-evaluation can be integrated 1n the camera 3, but can just
as well be a first method step carrnied out within the fusion
module 2 as part of the application according to aspects of the
invention.

Before the actual mode of operation of the fusion module 2
1s explained 1n detail with reference to FIG. 2, some informa-
tion on the technical field in general will be given to facilitate
understanding of the imnvention.

An object of the present invention 1s to provide a solution to
identily traific-relevant information in a moving vehicle,
which makes this information available 1n a particularly reli-
able manner. For this purpose, different available raw data 1s
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used which 1s supplied 1n particular by a visual sensor or a
camera 3 and a navigation system 4 as image data B and
camera data K.

Such systems are known per se. Both systems, however, a
camera-based algorithm, for example as part of the proposed
pre-processing step 7 for identilying traffic signs or other
relevant information, and the digital road map of anavigation
system 4 for 1dentifying corresponding traffic signs 1n digital
maps, have major drawbacks, 11 they are viewed indepen-
dently.

If traific signs are 1dentified using a camera, the traflic signs
cannot be 1identified reliably and correctly 1n all situations, for
example depending on the ambient light conditions (light
situation). In addition, there are uncertainties in the case of
traffic signs which are damaged or partly covered, and further
error sources for a non-reliable visual detection of traffic
signs or the like are also concervable.

The mformation provided by a digital road map also has
several drawbacks. For example, the information contained in
the digital road map as map data K can be obsolete. Further-
more, temporary speed regulations, for example onroad work
sites, and speed information conveyed by variable message
traffic signs, which are increasingly used for intelligent traffic
control, 1s not included 1n the digital data. The digital road
map provides information on the topology of the road section
driven (e.g. area of a junction, area of a roundabout, . .. ) and
a turn-oif-event (leaving of the most probable path), which 1s
then processed 1n the fusion module.

The ivention 1s mntended to combine the advantages of the
two mdividual systems 1n order to provide reliable informa-
tion I concerning the currently permissible maximum speed
or other traffic-relevant information. The system according to
aspects of the mvention should be easy to integrate n a
vehicle and be able to be expanded later on. At the same time,
images must be processed quickly to enable traffic-relevant
information Ito be acquired and evaluated 1n real time.

Such a system 1s provided by means of the fusion module
2 according to aspects of the invention, which will be
explained 1n detail below.

The fusion module 2 1s provided with the map data K,
which 1s supplied as raw data, and the image data B, which has
already been subjected to a pre-processing step 7, in each case
via an external interface. In a preferred embodiment, the
signals B are transmitted via an internal interface only. In
addition, the camera status information or data S and the
vehicle data F 1s mput via further external interfaces (not
shown) which can also be constituted, either wholly or 1n part,
by a single vehicle data bus, for example a CAN bus. The
information and data which has been mput and which 1s not
indicated 1n detail 1n FIG. 2 1s available to all units shown.

The image data B 1s supplied to a first scene interpretation
10 and the map data K 1s supplied to a second scene interpre-
tation 20, in which scene interpretations the decisive image
and/or map data 1s selected using pre-specified criteria and
compacted to relevant image data B, and map data K. The
compacted data B, and K, and, 1f provided, the camera status

information S and vehicle data F 1s preferably represented as
data vectors within the fusion module 2. Transmission takes
place via internal interfaces which enable particularly effi-
cient data transmission. The external interfaces can serve to
establish a direct connection to sensors belonging to the
vehicle, for example the camera 3. Furthermore, the map data
K of the digital road map and/or the vehicle data F can be
transmitted via a CAN bus. Output of the traffic-relevant
information I which has been 1dentified to the display instru-
ment 6 can also take place via a CAN bus.
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The relevant image data B, and the relevant map data K,
which 1s provided by the means for scene interpretation 10, 20
1s supplied to arule engine 40 and a state machine 50. Therule
engine evaluates the 1mage data B, and the map data K and,
as a response to this evaluation, transmits an action A to be
executed to the state machine 50.

In the state machine 30, defined states Z are specified
which represent a state of the moving vehicle and/or of the
vehicle’s immediate surroundings. These states are prefer-
ably defined using parameters which can essentially be objec-
tively measured, 1n contrast to the information contained in
the rule engine 40 which uses the measured data to interpret
this measured data with a view to actions to be executed. Due
to this particularly advantageous inventive division between
the determination of actions to be executed 1n the rule engine
40, which interprets the map data and the 1mage data accord-
ing to the Highway Code, the state machine 50 provides a
final description of the possible states of the vehicle and 1ts
surroundings. The various pre-defined states Z must therefore
represent reality 1n its entirety.

This simplified representation makes 1t easy 1n particular to
implement the fusion module 2 1n moving vehicles and to
compact and output the relevant information I contained 1n
the selected data with little computing effort. To provide the
rule engine 40 with a more comprehensive basis for decision
making, the state machine 50 feeds back the current state Z
which has been determined using the relevant image data B,
and the relevant map date K to the rule engine 40.

The actions A to be executed which are specified by the rule
engine 40 are realized within the state machine 50 by means
of transitions between an 1nitial state and a target state, which
initial and target states can be 1dentical or different, depend-
ing on the type of transition. If a transition 1s carried out
and/or a new state 1s reached, the desired relevant information
I 1s output to the display instrument 6. The information can be
output permanently as status information. As an alternative,
the driver can be informed only 1n those instances when the
speed limit changes or warned when he/she exceeds the cur-
rently permissible maximum speed.

To prevent continuous operation of the rule engine 40 and
the state machine 50 and backlog of numerous program steps
to be executed, which would result 1n a data and processing
jam, a trigger control 30, also abbreviated as trigger, 1s pro-
vided which receives a trigger signal T {from the scene inter-
pretations 10, 20 of the image data B or the map data K when
a scene interpretation 10, 20 has identified relevant informa-
tion I 1n the data B, K supplied and compacted this to relevant
image data B, orrelevant map dataK . The trigger 30 uses this
trigger signal T to generate a total trigger signal GT which 1s
supplied to the rule engine 40 and the state machine 50 and
initiates their computing operations.

The individual components of the fusion module 2 will
now be explained in detail once again.

The image data B, which preferably has already been pre-
processed 1n the preprocessing step 7, 1s subjected to a scene
interpretation 10 for said image data B which serves to obtain
usable 1put data for the rule engine 40, which will be
described 1n detail later on, and to compact the numerous
individual 1mage data to relevant information contained
therein. For this purpose, the image data B, which is provided
as pixel data 1n most cases, 1s converted to logical data infor-
mation (relevant image data B,) at the mput of the scene
interpretation 10 by translating the information 1dentified in a
camera 1mage into relevant traffic mmformation which 1s
defined in the scene processing 10.

The 1images are processed 1n the pre-processing step 7. The
image data B 1s classified tratfic signs with additional infor-
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mation, such as, for example, position, size, degree of reli-
ability of the evaluation, and the quality of image processing.

The scene interpretation 10 1s, for example, arranged to
identify specific traffic signs 1n order to determine the cur-
rently valid maximum speed.

In addition to interpreting the individual images, the suc-
cessive individual images of the camera 3 must be ordered
chronologically as a traific sign typically can be seen 1n a
number of individual images 11 the latter are recorded from a
moving vehicle. For this purpose, the traflic signs which have
been detected asynchronously are tracked internally to assign
a traffic sign detected 1n several images of the camera 3 to
traffic-relevant information. If a traffic sign which has been
tracked 1n the scene interpretation 10 1s no longer detected
during a certain time, 1t can be assumed that the vehicle has
passed this traffic sign and the traffic rules prescribed by this
sign are now valid. In this case, the chronological sequence
(tracking) of these scenes 1s fimished and the features required
to regard the scene as “completed” are fulfilled. The entire
scene 1s then interpreted 1n the scene interpretation 10.

The scene interpretation 10 can, for example, be arranged
to select data concerning the currently valid maximum speed.
In this case, interpretation of the completed scene specifically
means that the speed limait signs or end of speed limit signs are
selected which are relevant to the vehicle 1n question and
irrelevant signs are sorted out according to pre-specified cri-
teria. In the case of overhead sign bridges which, for example,
prescribe a specific speed for each lane on motorways, 1rrel-
evant signs can be sorted out using the lateral position of the
signs, thus compacting the relevant traffic information I to the
speed limit which 1s valid for the vehicle’s own lane. If
information provided by the digital road map indicates that
the vehicle 1s 1 the area of a deceleration lane, corresponding
signs which are only arranged on the side of the lane can be
assigned to this lane. Once the scene interpretation 1s finished,
the logical data which has been determined 1s made available
to the rule engine 40 and to the state machine 50 as relevant
image data B, via an internal interface.

Analogous to the foregoing, the scene interpretation 20 1s
intended to compact the map data K provided by the digital
road map to relevant map data K . In principle, this 1s similar
to the above scene compaction 10 for the camera-based traific
sign detection. For this purpose, current map information 1s
combined with map information of a forecast to compact the
relevant traffic information, which 1s made available to the
rule engine 40 and to the state machine 50 once the scene
interpretation 1s finished.

The relevant data B, and K, which 1s made available 1s
preferably transmitted in the form of vectors, wherein each
vector entry 1s assigned pre-defined information.

Furthermore, the scene interpretations 10, 20 each generate
a trigger signal T when a scene interpretation 10, 20 detects a
change of the scene compared to a previous stage which 1s
relevant to the information to be analysed.

The trigger signals T are supplied to a trigger 30, also
referred to as trigger control, which uses these trigger signals
T to generate a total trigger signal GT which 1s supplied to the
rule engine 40 and preferably also to the state machine 50.
Upon reception of the total trigger signal GT, the rule engine
40 and the state machine 50 start interpreting or evaluating the
relevant data B, and K, which has been made available,
wherein the rule engine 40 interprets this data according to
pre-specified rule information stored 1n a matrix and the state
machine 50 uses this data to evaluate a current state of the
vehicle and/or 1ts surroundings.

In this way, computing time 1s saved 1n the fusion module
2, which 1s preferably structured as an arithmetic unit, as the
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rule engine 40 and the state machine 50 require computing
time only when there 1s a change of traffic-relevant informa-
tion I. As long as there 1s no such a change, more computing,
power 1s available to the scene interpretations 10, 20 1n order
to compact the relevant data contained 1n the mput data as
quickly as possible.

The trigger 30 can most simply be realized by OR relating
the two individual trigger signals T. In the embodiment
shown, the total trigger signal GT 1s, however, determined as
tollows. If the trigger signal T of one scene 1nterpretation 10
or 20 1s available, a counter 1s activated which, for example, 1s
designed as a distance counter and as a time counter and
continues counting for a certain distance, based on the current
vehicle speed. This means, the counter integrates the current
vehicle speed. If the second trigger signal T of the other scene
interpretation 20 or 10 1s available belfore a pre-defined maxi-
mum distance has been covered, the total trigger signal GT 1s
activated immediately. IT the second trigger signal T 1s not
activated until the distance counter reaches its maximum
distance, the total trigger signal GT 1s set when the counter
finishes or the maximum distance has been reached. This
indicates that only one of the two scene interpretations 10, 20
was able to 1dentily traffic-relevant information.

Control by means of the trigger 30 can thus compensate
asynchronities which often arise due to the fact that traffic
signs and their locations 1n the digital map information often
do not coincide.

When the total trigger signal GT 1s available, the relevant
data B, and K . of the scene interpretations 10, 20 1s used to
evaluate a rule engine 40 which evaluates the information
contained 1n the relevant data B, and K according to the valid
traflic rules. These actions A to be executed are converted in
transitions in the state machine 50 which are used to change
from a first to a second state i1n the state machine 50, which
second state can also be i1dentical to the first one. The rule
engine 40 can be country-specific to take into account the
different traffic rules in different countries. The proposed
structure of the rule engine 40 also enables changes of traffic
rules (for example due to changes 1n law) to be implemented
flexibly.

The state machine 50 serves to represent various possible
system states of the moving vehicle and/or of the vehicle’s
surroundings. For this purpose, the state machine 50 com-
prises a main state machine 51 which determines the output
behaviour of the fusion module 2 and essentially specifies the
information I which 1s to be output. The main state machine
51 can, for example, essentially represent the states assigned
to the moving vehicle 1n respect of the current permissible
maximum speed.

Special ambient conditions, such as, for example, a stretch
of the road where there are road work sites or variable mes-
sage traflic signs, can be represented using one or more sur-
roundings state machines 52. In this way, the overall results of
the 1dentification of traffic-relevant information I can be
improved and the necessary information be computed more
quickly. Depending on the actions A to be executed which are
specified by the rule engine 40, transitions between the states
in the state machine 50 or 1n the main state machine 51 and/or
the surroundings state machine 52 are carried out, wherein the
output of traffic-relevant information I can be coupled to the
transition or to the fact that a new state 1s reached. This means,
information I assigned to the state 1s output in both cases.

The vehicle data F, which in particular comprises the cur-
rent speed of the vehicle via telematics systems or informa-
tion recerved via an interface camera system navigation sys-
tem Irom other vehicles or beacons 1 the vehicle’s
surroundings, 1s included as additional information in the
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evaluation carried out by the fusion module 2 and can pret-
erably also be provided 1n the form of vectors. In this way,
limitation types are made adaptable and can be designed to be
limiting, non-limiting or vanable.

The invention therefore enables the two individual systems
“camera-based traffic sign detection™ and “digital road map”™
to be combined. The fusion module 2 or the method carried
out therein enables information concerning traffic-relevant
information and in particular the currently permissible maxi-
mum speed to be conveyed to the driver even in adverse
ambient conditions and even 1f there are/is only temporary
speed limits or information provided by variable message
traffic signs.

The mvention claimed 1s:

1. A method for identifying traffic-relevant information (I)
in a moving vehicle comprising the steps of:

pre-evaluating image data (B) of a visual sensor and map

data (K) of a navigation system for said identification;
combining and 1nterpreting results of said pre-evaluation;
scanning the image data (B) for traffic-relevant informa-
tion (I) contained in the 1image data (B);

compacting relevant image data (B,) of the image data (B)

in a first scene 1nterpretation;
scanning the map data (K) for traffic-relevant information
(I) contained 1n the map data (K);

compacting relevant map data (K ) of the map data (K) 1n
a second scene interpretation;

supplying the relevant image data (B,) and the relevant map
data (K ) to a rule engine and to a state machine for
interpreting the 1mage and map data;

evaluating the image data (B,) and the map data (K ) in the

rule engine;

transmitting an action (A) to be executed to the state

machine;
carrying out a transition, in the state machine, within a state
space of the state machine comprising pre-defined states
(7) as a response to the action (A) to be executed; and

outputting information (I), 1n the state machine, which 1s
assigned to a state (Z) or to said transition.

2. A method according to claim 1 further comprising the
step ol interpreting the contents of the relevant image and map
data (B , K ) 1n the rule engine according to specific sets of
rules and the action (A) specified by the rule engine param-
eterizes a behaviour which 1s prescribed by a rule that has
been 1dentified.

3. A method according to claim 1, wherein a matrix 1s used
to represent the rule engine, which matrix can be evaluated by
means ol an algorithm.

4. A method according to claim 1, the state machine
includes defined states (Z) which can be assumed by the
vehicle and/or its surroundings, wherein the action (A) to be
executed, which 1s specified by the rule engine, induces a
transition from a defined state to a another defined state or
back to the defined state 1n the state machine.

5. A method according to claim 1, wherein a transition 1n
the state machine 1s accompanied by an output of information
(1).

6. A method according to claim 1, wherein the state
machine feeds back 1ts state (7) to the rule engine.

7. A method according to claim 1, wherein the state
machine 1s divided into a main state machine and one or more
surroundings state machines.

8. A method according to claim 1, wherein the first and
second scene 1nterpretations transmit a trigger signal (T) to a
trigger control during the compacting step to relevant image
or map data (B, , K ), which trigger control generates a total
trigger signal (GT) for the rule engine and the state machine.

e
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9. A method according to claim 8, wherein the trigger
control forms an ‘OR’ relation of the trigger signals (1) of the
first and second scene interpretations to generate the total
trigger signal (GT).

10. A method according to claim 9, wherein the ‘OR’
relation 1s a delayed ‘OR’ relation.

11. A method according to claim 9, wherein the trigger
control activates a counter when a first trigger signal (T') from
the first or the second scene interpretation 1s available and
generates the total trigger signal (GT) either when a maxi-
mum counter value 1s reached or when a second trigger signal
(1) 1s available.

12. A method according to claim 1 further comprising the
step of selecting relevant image and/or map data (B,, K)
according to pre-specified criteria 1n the first and/or second
scene mterpretation(s).

13. A method according to claim 1 further comprising the
step of reducing the image data (B') of the visual sensor to a
pre-selection of image data (B) to be analysed and camera
status data (S) 1 a pre-processing step which 1s prior to the
scene nterpretation.

14. A method according to claim 1 further comprising the
step of exchanging information between the first and second
scene mterpretations.

15. A method according to claim 1, wherein vehicle data
(F) and/or camera status data (S) 1s available during 1dentifi-
cation of traffic-relevant information (I).

16. A device for identifying traffic-relevant information (I)
in a moving vehicle having a connection to a system of a
visual sensor for receiving image data (B, B'), said device

comprising;
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a connection to a navigation system for receiving map data
(K);

a connection to a display mstrument for displaying or pro-
cessing 1dentification results, which device 1s configured
to carry out the method according to claim 1; and

means for scene interpretation to compact the 1mage data
(B) recerved from the visual sensor and the map data (K)
of the navigation system and to transmit the compacted
image and map data (B,, K ) to a computing unit includ-
ing a rule engine and a state machine,

wherein the rule engine 1s configured to evaluate the com-
pacted image and map data (B,, K ) and to transmit an
action (A) to be executed to the state machine, and

wherein the state machine 1s configured to use the action
(A) to be executed to carry out a transition within a state
space of the state machine comprising pre-defined states
(7)) and to output information (I) which 1s assigned to a
state (7)) or to said transition to the display instrument via
said connection.

17. A device according to claim 16, wherein a trigger
control for generating a total trigger signal (GT) 1s connected
downstream of the means for scene interpretation.

18. A device according to claim 16, wherein the means for
scene interpretation, the trigger control, the computing unit
including the rule engine and the state machine are combined
to form a fusion module.
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